Introduction {#sec1}
============

Ovarian cancer, a highly aggressive and lethal cancer, is in seventh place amongst all cancers in women worldwide in terms of occurrence \[[@B1]\]. Some statistical data displayed that up to 225,000 women were diagnosed with ovarian cancer and approximately 150,000 people die of this disease every year \[[@B2],[@B3]\]. Although the development of the early diagnosis and treatment in ovarian cancer has been accomplished in recent decades, this disease is still a severe global burden and attracts more attention from the public. Early diagnosis of biomarkers and more accurate prognosis can optimize the efficiency of current ovarian cancer therapy and provide potential molecular markers for targetted treatment. Therefore, it is necessary that screening and identification of high efficiency molecular biomarkers regarding on ovarian cancer.

Stratifin (SFN) is a cell cycle checkpoint protein and a regulator of mitotic translation. To response the DNA damage, SFN often plays a role in inhibiting DNA errors during mitosis \[[@B4],[@B5]\]. Generally, SFN is expressed at low levels on the nervous and reproductive systems, including in the cortex, retina, placenta, and ovary \[[@B6]\]. Nevertheless, SFN has been reported to be a novel biomarker in various cancers. For example, some studies found that SFN could facilitate progression and development of lung adenocarcinoma at an early stage \[[@B7]\]. Besides, combined with OCIAD2, immunocytochemical staining for SFN could also enhance diagnostic sensitivity for lung cancers \[[@B8]\]. For breast cancer, it is determined that the biology of SFN is important in cellular movement and is contingent on breast cancer subtype \[[@B9]\]. Meanwhile, Umbricht et al. also demonstrated that loss of expression of SFN is an early event in breast cancer transformation \[[@B10]\]. As a prognostic marker, it was reported that reduced SFN expression can serve as an independent prognostic factor for poor survival in patients with esophageal squamous cell carcinoma \[[@B11]\]. However, there existed little studies focussing the role of SFN in ovarian cancer. And its potential molecular mechanism and prognostic value have not yet been explored and clarified in different subtypes of ovarian cancers.

In the current analysis, we investigated the expression and prognosis of SFN and its coexpression gene in ovarian cancer for the first time by using bioinformatics. Hoping that this research may contribute to understand the role of SFN in detection and prognosis of ovarian cancer and development of therapeutic drugs for treatment of ovarian cancer.

Materials and methods {#sec2}
=====================

Ethics statement {#sec2-1}
----------------

All the datasets were acquired from the publishing literature and met with the Declaration of Helsinki. And we confirm that no human or animal specimens were used in our studies.

Oncomine database {#sec2-2}
-----------------

Oncomine database, a cancer database bioinformatics tool and online data-mining platform, was used to explore the mRNA levels of SFN and MHC class I polypeptide-related sequence B (MICB) in ovarian cancer. We searched the database for the fold changes of SFN and MICB in ovarian cancer using the filters of differential analysis (cancer vs normal), cancer type (ovarian cancer), sample type (clinical specimen), data type (mRNA), and gene (SFN and MICB). Students' *t* test was used to generate a *P* value. To obtain the most significant SFN and MICB probes, we set the following parameters: the cutoff of *P* value and fold change were defined as 0.01 and 1.5, respectively

GEPIA database {#sec2-3}
--------------

Gene expression profiling interactive analysis (GEPIA) (<http://gepia.cancer-pku.cn>) database, is a newly developed interactive web server developed by Zefang T, Chenwei L, and Boxi K of Zhang Lab, Peking University, focussed on scrutinizing the RNA sequencing expression data of 9736 tumors and 8587 normal samples from the TCGA and the GTEx projects, using a standard processing pipeline. In the present study, we used GEPIA to validate the correlation between the expression levels of candidate genes.

Human Protein Atlas database {#sec2-4}
----------------------------

Human Protein Atlas (<http://www.proteinatlas.org>) is a Swedish-based program initiated in 2003 with the aim to map all the human proteins in cells, tissues, and organs using integration of various omics technologies. In our study, the Human Protein Atlas was used for immunohistochemistry validation of several candidate genes.

UALCAN database {#sec2-5}
---------------

The UALCAN web portal has an important feature that aids querying based on the gene class. Meanwhile, it is a userfriendly, interactive web resource for analyzing cancer transcriptome data. It is built on PERL-CGI with high quality graphics using javascript and CSS. UALCAN is designed to, (1) provide easy access to publicly available cancer transcriptome data (TCGA and MET500 transcriptome sequencing), (2) allow users to identify biomarkers or to perform *in silico* validation of potential genes of interest, (3) provide publication quality graphs and plots depicting gene expression and patient survival information based on gene expression, and (4) evaluate gene expression in molecular subtypes of breast and prostate cancer. Using UALCAN database, we analyzed the expression profiles of SFN in normal and ovarian serous cystadenocarcinoma samples based on clinicopathologic parameters, such as cancer stage, age, race, and tumor grade.

cBioPortal database {#sec2-6}
-------------------

The cBioPortal for Cancer Genomics was originally developed at Memorial Sloan Kettering Cancer Center, which contained both sequencing and pathological data on 30 different cancers. The ovarian cancer (TCGA, ovarian serous cystadenocarcinoma; provisional) dataset including data from 617 samples with pathology reports was selected for further analyses of SFN. According to the cBioPortal's online tool, the genomic profiles included the genetic alterations, survival curve, and correlations of SFN.

Cell culture {#sec2-7}
------------

Human ovarian carcinoma SKOV3 and A2780 cells were bought from ATCC (Manassas VA, U.S.A.). Normal ovarian epithelial IOSE80 cells were purchased from MssBio Co., Ltd. (Guangzhou, China). SKOV3 and A2780 cells were cultured in 80% RPMI 1640 medium (Sigma--Aldrich, St Louis, MO, U.S.A.), supplemented with 10% FBS (Gibco, U.S.A.), 10% horse serum (Gibco), 100 units/ml penicillin, and 100 μg/ml streptomycin. The IOSE80 cells were cultured in RPMI-1640 medium (Sigma--Aldrich) supplemented with 10% FBS. All the cell lines were grown in a (5% CO~2~) humidified incubator at 37°C and passaged every 3--4 days.

Reverse transcription quantitative PCR {#sec2-8}
--------------------------------------

Total RNA was prepared from all cell lines using an RNeasy Mini Plus Kit (Qiagen), and its quality was evaluated using an Agilent 2100 Bioanalyzer (Agilent Technologies, Waldbronn, Germany). To detect the expression of mRNA of SFN gene, reverse transcription quantitative PCR (RT-qPCR) was conducted on a 7300 PCR system (Thermo Fisher Scientific).

The primers were as follows:

SFN forward; 5-TCCACTACGAGATCGCCAACAG-3, and reverse; 5-GTGTCAGGTTGTCTCGCAGCA-3;

MICB forward 5′-CGGGATCCCACAGTCTTCGTTACAAC-3′,

and reverse 5′-CGGAATTCCTATGTCACGGTGATGTTGC-3;

GAPDH forward: 5′-CGCTAACATCAAATGGGGTG-3′ and reverse 5′-TTGCTGACAATCTTGAGGGAG-3′.

PCR amplified conditions: 40 cycles of denaturation at 95°C for 15 s, annealing at 56°C for 20 s, and extension at 72°C for 45 s.

The relative expression levels were calculated by the 2^−ΔΔ*C*^~T~ method. The mRNA levels of the target gene were normalized to the levels of glyceraldehyde-3-phosphate dehydrogenase (GAPDH). GAPDH was used as the endogenous 'housekeeping' control gene for these analyses

Western blotting {#sec2-9}
----------------

Total proteins were prepared on ice using M-PER for cultured cells. Cultured cells were collected and cell lysates were prepared in the lysis buffer (Beyotime). The cell lysates were centrifuged at 2000 rpm for 5 min at 4°C collect the supernatants. Then the total protein concentrations in the supernatants were measured by using the bicinchoninic acid protein assay kit (Aspen, Wuhan, China), protein samples (30 μg) were submitted to electrophoresis on 10% SDS-polyacrylamide gel (Aspen) and transferred to polyvinylidene fluoride (PVDF) membrane (Millipore, Billerica, MA, U.S.A.). The membranes were probed with specific antibodies against SFN (1:1000, Cell Signaling) and GAPDH (1:5000, Cell Signaling). GAPDH was adopted as an internal control. Secondary antibody were detected with enhanced chemiluminescence reagents (Thermo Scientific, Darmstadt, Germany) according to the manufacturer's instructions. Finally, the immunoreactions were detected by enhanced chemiluminescence (Aspen) and visualized by AlphaEaseFC software for image analysis.

Statistical analyses {#sec2-10}
--------------------

Data were analyzed in SPSS 19.0 software (IBM Corporation, Armonk, NY, U.S.A.). The data were expressed as the mean ± S.E.M. Statistical significance between groups was analyzed by using a one-way ANOVA. A value of *P*\<0.05 was accepted as statistically significant.

Results {#sec3}
=======

The expression level of SFN mRNA in human ovarian cancer {#sec3-1}
--------------------------------------------------------

As shown in [Figure 1](#F1){ref-type="fig"}, we exhibited the expression levels of SFN in different kinds of ovarian cancer with those in control samples by exploring the Oncomine database. SFN was found to be increased in ten various ovarian cancer datasets, compared with healthy tissues (*P* value \< 0.01 and fold change \> 1.5) including ovarian mucinous adenocarcinoma \[[@B12],[@B13]\], ovarian clear cell adenocarcinoma \[[@B12]\], ovarian carcinoma \[[@B14]\], ovarian serous adenocarcinoma \[[@B12],[@B13],[@B15],[@B16]\], ovarian serous cystadenocarcinoma (from TCGA database), and ovarian endometrioid adenocarcinoma \[[@B12]\]. The comparisons of mRNA levels of SFN in ovarian cancer and healthy samples in each individual dataset were performed by using the Student's *t* test ([Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

![The expression level of SFN mRNA in human different types of ovarian cancer (ONCOMINE)](bsr-39-bsr20190100-g1){#F1}

![The expression level of SFN mRNA in human different types of ovarian cancer and meta-analysis (ONCOMINE)](bsr-39-bsr20190100-g2){#F2}

The correlation between the expression levels of SFN and the clinicopathological parameters of ovarian cancer patients {#sec3-2}
----------------------------------------------------------------------------------------------------------------------

Using UALCAN database, we analyzed the expression profiles of SFN in normal and ovarian serous cystadenocarcinoma samples based on clinicopathologic parameters, such as cancer stage, age, race, and tumor grade. As shown in [Figure 3](#F3){ref-type="fig"}, our analysis mining of the UALCAN database indicated that SFN was down-regulated in age (61--80 years) group compared with age (41--60 years) group (*P*\<0.01). And for cancer grades, the expression level of SFN was higher in grade 3 compared with the grade 2 of ovarian serous cystadenocarcinoma (*P*\<0.05). In terms of the cancer stage and patients' race, there existed no significant difference in the expression of SFN amongst different groups.

![Association between SFN gene expression and clinical pathological parameters in patients with ovarian cancer (ULACAN)\
&*P*: compared with the age (41--60 years) group; @*P*: compared with the grade 2 group.](bsr-39-bsr20190100-g3){#F3}

Subsequently, we searched the IHC pictures of different kinds of ovarian cancer in the HPA database. The IHC pictures displayed that the SFN seemed to show a positive intensity in ovarian cancers compared with those in normal samples, especially for ovarian mucinous adenocarcinoma and ovarian endometrioid adenocarcinoma, which further verified the results of Oncomine database ([Figure 4](#F4){ref-type="fig"}).

![The IHC of SFN in ovarian cancer (HPA)](bsr-39-bsr20190100-g4){#F4}

The Kaplan--Meier plotter in ovarian cancers {#sec3-3}
--------------------------------------------

The Kaplan--Meier plotter is capable to assess the effect of 54,675 genes on survival using 18,674 cancer samples. The prognostic values of SFN in various ovarian cancers were evaluated by Kaplan--Meier plotter. Although SFN expression was not significantly correlated with poor overall survival, the higher expression of SFN in all patients with ovarian cancers is significantly correlated with the better progression-free survival (PFS) and worse postprogression survival (PPS) *(P*\<0.05). Further analysis found that higher mRNA levels of SFN was associated with poorer OS of ovarian serous adenocarcinoma patients ([Figure 5](#F5){ref-type="fig"}). Considering that chemotherapy is a critical portion of ovarian cancer treatments. We detected the relationship between SFN expression and OS of ovarian cancer patients received different chemotherapy drug. As shown in [Figures 5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}, high SFN expression is associated with significantly worse OS in patients who received chemotherapy contains gemcitabine, taxol, taxol+platin, paclitaxel and avastin (*P*\<0.05). For chemotherapy contains platin, topotecan, and docetaxel, the expression level of SFN was not associated with the OS in all ovarian patients ([Figure 6](#F6){ref-type="fig"}).

![The prognostic value of SFN mRNA in ovarian cancer patients (Kaplan--Meier plotter)](bsr-39-bsr20190100-g5){#F5}

![The prognostic value of SFN mRNA in ovarian cancer patients who received chemotherapy (Kaplan--Meier plotter)](bsr-39-bsr20190100-g6){#F6}

Analysis of SFN's alterations and coexpressed genes in ovarian cancer {#sec3-4}
---------------------------------------------------------------------

Based on cBioPortal online database for ovarian serous adenocarcinoma (TCGA, provisional), we explored the genetic alterations, correlations, and OS of SFN in Ovarian Serous Adenocarcinoma. In this database, SFN gene altered in 47 cases out of 606 cases (7.76%). In the top ten coexpression genes, we found that SFN was positively correlated with MICB, BCL3, TRIM47, SLC43A3, TAGLN2, OSTF1, KRT16, FAM111B, EBP, and NQO1 ([Table 1](#T1){ref-type="table"}). Through investigating patient with ovarian serous adenocarcinoma data in TCGA database using GEPIA database, the positive correlation between MICB and SFN was confirmed ([Figure 7](#F7){ref-type="fig"}A--D). These data suggested that SFN could be associated with the MICB in ovarian cancer. In addition, by log-rank tests in the Kaplan--Meier plots, we also discovered that ovarian serous adenocarcinoma cases with alterations in SFN gene had worse OS (*P*=0.0461).

###### Coexpression genes of SFN in ovarian cancer

  Correlated gene   Cytoband   Pearson's correlation   Spearman's correlation   *P*-value   q-value
  ----------------- ---------- ----------------------- ------------------------ ----------- ----------
  MICB              6p21.33    0.48                    0.471758618              2.03E-18    1.17E-14
  BCL3              19q13.32   0.47                    0.471050665              2.32E-18    1.17E-14
  TRIM47            17q25.1    0.46                    0.467819049              4.23E-18    1.43E-14
  SLC43A3           11q12.1    0.46                    0.46776306               4.27E-18    1.43E-14
  TAGLN2            1q23.2     0.45                    0.462507123              1.12E-17    3.22E-14
  OSTF1             9q21.13    0.51                    0.45661125               3.23E-17    5.91E-14
  KRT16             17q21.2    0.51                    0.454688396              4.54E-17    7.03E-14
  FAM111B           11q12.1    0.42                    0.451002835              8.68E-17    1.17E-13
  EBP               Xp11.23    0.39                    0.446790324              1.80E-16    2.27E-13
  NQO1              16q22.1    0.46                    0.439833559              5.91E-16    5.94E-13

![Analysis of SFN's alterations and coexpressed genes in ovarian cancer\
(**A**) The alteration frequency of SFN in ovarian cancer. (**B**) The survival curve of SFN alteration in ovarian cancer. (**C**) Through CbioPortal tool, SFN is mainly correlated with MICB. (**D**) Data mining in GEPIA database confirmed the positive correlation of SFN and MICB expression. (**E**) Histogram of the difference between SFN expression levels in ovarian carcinoma cell of SKOV3, A2780, and normal ovarian epithelial cell lines. (**F**) Histogram of the difference between MICB expression levels in ovarian carcinoma cell of SKOV3, A2780, and normal ovarian epithelial cell lines. \*Compared with the normal groups, *P*\<0.05. (**G**) Western blot was performed to detect levels of SFN in ovarian carcinoma cell of SKOV3, A2780, and normal ovarian epithelial cell lines.](bsr-39-bsr20190100-g7){#F7}

Gene expression levels of SFN and its coexpressed gene in cancer cells {#sec3-5}
----------------------------------------------------------------------

The RT-qPCR results displayed that the gene expression level of SFN and its coexpressed gene MICB in SKOV3 and A2780 cells was obviously higher than that of IOSE80 lines ([Figure 7](#F7){ref-type="fig"}E,F). In western blotting, compared with the normal ovarian epithelial cells, the expression of SFN was significantly increased in SKOV3 and A2780 cells, which was also in accordance with the results of RT-qPCR ([Figure 7](#F7){ref-type="fig"}G).

MICB mRNA expression and prognosis in patients with ovarian cancer {#sec3-6}
------------------------------------------------------------------

To verify the roles of MICB in ovarian cancer, the expression profiles of MICB were retrieved in the Oncomine database. The results of our analysis revealed that MICB expression had an obviously increased level in ovarian serous adenocarcinoma and ovarian serous cystadenocarcinoma compared with the normal tissues. Afterward, the prognostic value of MICB in ovarian cancer was examined via the Kaplan--Meier survival plots. The results indicated that a high expression of MICB mRNA was significantly associated with poor PFS in ovarian cancer patients, including ovarian serous carcinoma and ovarian endometrioid adenocarcinoma patients ([Figure 8](#F8){ref-type="fig"}).

![MICB mRNA expression and prognosis in patients with ovarian cancer\
(**A**) MICB mRNA expression analysis in Oncomine database. (**B**) The prognostic value of MICB in ovarian cancer by Kaplan--Meier plotter.](bsr-39-bsr20190100-g8){#F8}

Discussion {#sec4}
==========

SFN, a cell cycle checkpoint protein, binds to translation and initiation factors and functions as a regulator of mitotic translation \[[@B7]\]. In response to DNA damage, this protein plays a role in preventing DNA errors during mitosis. Previous studies indicated that SFN participated in multiple kinds of tumor, including lung \[[@B17]\], renal \[[@B18]\], liver \[[@B19]\], and breast \[[@B20],[@B21]\] cancer. Especially for lung cancer, several studies demonstrated that SFN played as a novel oncogene, stimulating the tumor initiation, and progression of lung adenocarcinoma \[[@B8],[@B17]\]. Furthermore, they found that SFN enhances receptor tyrosine kinases stabilization by aberrant ubiquitin-specific protease 8 (USPB) regulation in lung adenocarcinoma, implying that SFN could be an appropriate therapeutic target for lung adenocarcinoma than USP8 \[[@B17]\]. As for ovarian cancer, current research just indicated that SFN was one of highly overexpressed genes in ovarian cancer and normal ovarian epithelium and may involve in regulation network of ovarian cancer. However, the comprehensive analysis of SFN as a diagnostic marker of prognosis and its coexpression genes in ovarian cancer are still unrevealed.

Our current analysis was built-in multiple cancer databases, which were all based on TCGA database. Through Oncomine database, we confirmed that SFN was remarkably increased in ovarian mucinous adenocarcinoma, ovarian clear cell adenocarcinoma, ovarian serous adenocarcinoma, ovarian serous cystadenocarcinoma and ovarian endometrioid adenocarcinoma. Moreover, we investigated the correlation between the expression levels of SFN and the clinicopathological parameters of ovarian cancer patients based on different subtypes. UALCAN database indicated that SFN was down-regulated in age (61--80 years) group compared with age (41--60 years) group. And for cancer grades, the expression level of SFN was higher in grade 3 compared with the grade 2 of ovarian serous cystadenocarcinoma. Meanwhile, the IHC pictures displayed that the SFN seemed to show a positive intensity in ovarian cancers compared with those in normal samples, especially for ovarian mucinous adenocarcinoma and ovarian endometrioid adenocarcinoma, which further verified the results of Oncomine database. Then the prognostic values of SFN in various ovarian cancers were evaluated by Kaplan--Meier plotter. Although SFN expression was not significantly correlated with poor overall survival, the higher expression of SFN in all patients with ovarian cancers is remarkably correlated with the better PFS and worse PPS. Further analysis found that higher mRNA levels of SFN was associated with poor OS of ovarian serous adenocarcinoma patients.

Considering that chemotherapy and cytoreductive surgery remained the gold standards of ovarian cancer treatment \[[@B22],[@B23]\], we focussed on the relationship between SFN expression and OS of ovarian cancer patients received different chemotherapy drug. As a result, high SFN expression is associated with significantly worse OS in patients who received chemotherapy contains gemcitabine, taxol, taxol+platin, paclitaxel, and avastin. Taxol and platin were widely used and recommended as a first-line drug in the treatment of ovarian cancer. Gemcitabine and avastin acquired more attention in recent year, and more and more advanced ovarian benefited from these two drugs \[[@B24],[@B25]\]. In the view of the huge number of ovarian cancer patients, SFN could be a potential prognostic marker for ovarian patients who received chemotherapeutics.

Based on coexpression and correlation data from cBioPortal online database, it was determined that the alteration frequency of SFN in ovarian cancer is not high. And MICB was co-up-regulated with SFN in ovarian cancer, which was confirmed by the GEPIA database, suggesting that SFN could be associated with the MICB in ovarian cancer. MICB, a heavily glycosylated protein, is a ligand for the NKG2D type II receptor \[[@B26],[@B27]\]. This protein is stress-induced and similar to MHC class I molecules; however, it does not associate with β-2-microglobulin or bind peptides. Because of its role in antigen binding and natural killer cell lectin-like receptor binding, MICB had been found to be related in several types of cancers, involving lung cancer cell lines \[[@B28]\] and leukemia \[[@B29]\]. In our studies, we also demonstrated that MICB was notable up-regulated in ovarian serous adenocarcinoma and ovarian serous cystadenocarcinoma compared with the normal tissues. In addition, the survival analysis revealed that a high expression of MICB mRNA was significantly associated with poor PFS in ovarian cancer patients, including ovarian serous carcinoma and ovarian endometrioid adenocarcinoma patients, which was also similar with SFN' survival analysis in ovarian cancer. Combined with the above data, we could suppose that SFN transcript expression may modulate the initiation and development of ovarian cancer and influence its prognosis, which may associate with MICB expression.

However, there are some limitations in our study. First, we investigated the expressions and prognosis value of SFN and MICB in ovarian cancer from several public databases. However, we did not validate these findings by PCR or immunohistochemistry. Second, the upstream molecule on the roles of SFN in ovarian cancer lack of further exploration. It is valued to be dig and verified in the future.

Conclusion {#sec5}
==========

In summary, SFN and its coexpressed gene MICB were significantly increased in multiple types of ovarian cancer. Furthermore, high expression of SFN predicted poor PPS in ovarian patients high SFN expression is associated with significantly worse OS in patients who received chemotherapy contains gemcitabine, taxol, taxol+platin, paclitaxel, and avastin. Besides, high expression of MICB predicted worse PFS in both ovarian serous carcinoma and ovarian endometrioid adenocarcinoma patients. The present study might be useful for better understanding the clinical significance of SFN mRNA and provided a potential therapeutic target for ovarian cancer research in the future.
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GAPDH

:   glyceraldehyde-3-phosphate dehydrogenase

GEPIA

:   gene expression profiling interactive analysis
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:   MHC class I polypeptide-related sequence B

PFS

:   progression-free survival
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:   postprogression survival
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:   polyvinylidene fluoride
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